Objective: The combination of brain stimulation by transcranial magnetic stimulation (TMS) and simultaneous electroencephalographic (EEG) recording has the potential to be of great value for understanding human brain functions. Recording EEG during TMS can be technically challenging because TMS induces a very strong electrical field that can saturate recording amplifiers for a long duration. Advances in amplifier technology, however, have led to the development of TMS-compatible EEG equipment that can work in very high, time-varying magnetic fields without saturation. The aim of the present study was to identify stimulus-related artifacts, and to provide experimental data containing the length of the artifact induced by the magnetic field and its variations with respect to the experimental setting. Methods: A phantom head was stimulated to record the artifact while excluding cortical responses. We tested different types of electrodes, coils, models of stimulator, and frequencies and intensities of stimulation to see how these parameters influence the duration of the artifact. Results: The electrical artifact produced by the magnetic pulse lasted approximately 5 ms following TMS onset. Its length was invariant irrespective of different experimental conditions. Conclusions: These data suggest that it is possible to analyze the cortical evoked response induced by TMS 5 ms after TMS onset. Significance: The possibility to study the early physiological responses to TMS stimulation may have valuable implications for both clinical and experimental purposes, providing information about the early direct cortical response of the stimulated areas.
Introduction
In recent years, a new generation of amplifiers has been introduced that permits the co-registration of electroencephalographic (EEG) activity, which has a temporal resolution of a few milliseconds, during Transcranial Magnetic Stimulation (TMS). This TMS-EEG co-registration provides valuable information about the characteristics of cortical reactivity and connectivity in response to magnetic stimulation (Ilmoniemi et al., 1997; Komssi and Kahkonen, 2006) , and how functional activity links to behavior through the study of TMS-induced modulations (Miniussi and Thut, 2009 ). Moreover, EEG can be used to study how TMS interacts with rhythmic brain activity, and vice versa, as well as how rhythmic brain stimulation can be used to modify brain functions (Thut and Miniussi, 2009) .
In TMS-EEG co-registration procedure, a sample-and-hold circuit that is controlled by the initiation of the TMS pulse and locks the EEG signal is typically used. The signal is held for a few milliseconds immediately following TMS (Iramina and Maeno, 2003; Taylor et al., 2007; Virtanen et al., 1999) , thereby avoiding saturation of the recording amplifiers by the magnetic stimuli and allowing the recording of EEG activity to take place quite early in response to TMS.
Nevertheless, this methodology poses some problems. The first is that the TMS pulse only lasts for an extremely short time -less than 1 ms (approximately 300 ls), and blocking of the amplifiers does not allow for the opportunity to see what happens during or immediately after the TMS pulse. The second problem is that this method compares the level of the signal before the TMS pulse (i.e., normalized baseline activity at each site is supposed to be at 0 lV) to the level soon after TMS that we expect to be affected 
